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(57)Abstract: 

PURPOSE: To minimize bird's beak effect by starting the £ •< j 



T 'C •> 



quick thermal nitridation of a thin silicon dioxide layer on 
a single-crystal silicon substrate, generating a transient 
temperature gradient of silicon dioxide in a high- 
temperature cycle, and generating an oxide-oxynitride ■Li^^.j^sa^ 
compound slope. ^0^^ 
CONSTITUTION: A short-period thermal nitriding 
process generates a temperature gradient through a pad 
oxide 2 and a silicon substrate 1 to generate a slope of a 
compound of the oxide and oxynitride 6. Further, the * J 

quick thermal nitriding transform the pad oxide layer into * „, \ 

slanting oxynitride 6 by the silicon substrate 1 without 
receiving high temperature for an extended period. The 
nitride layer 6 is transformed from an LPCVD silicon 

nitride layer 4 and then a pattern of mask photoresist is formed to perform anisotropic etching 
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so that the LPCVD nitride 4, oxynitride layer 6, and silicon substrate 1 are selectively 
removed. A recessed part 8 is formed in the substrate 1 by etching and the outward 
appearance of a field oxide 9 which is flat and large and has no bird's beak characteristics is 
formed. Consequently, the bird's beak suppression is greatly improved. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2000 Japan Patent Office 



http://wwwljpdljpo.gojp/PAl/result/detail/main/wAAAa09650DA402001123PL 3/4/03 



L4: Entry 27 of 29 File: DWPI Apr 27, 1989 

DERWENT - ACC - NO : 1989-131194 ("V(Jf 
DERWENT-WEEK: 198 918 M>' 
COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Field oxide region prodn. in silicon substrate - avoiding 
substrate defect and bird beak formation 

INVENTOR: PiTiT. m * w , n n J : T . F , F , 8 S L 

PRIORITY-DATA: 1987US-0110245 (October 19, 1987) 

/ 

PATENT -FAMILY: 

PUB -NO PUB -DATE LANGUAGE PAGES MAIN- IPC 

DE_353^ASXJ- f A April 27, 1989 006 

a\ January 5, 1990 000 



JP 02001123 A 



INT-CL (IPC) : H01L 21/76 

ABSTRACTED -PUB -NO: DE 3 83 245 OA 
BASIC- ABSTRACT: 

A field oxide region is formed in a silicon substrate by (a) 
forming a silicon dioxide layer on the substrate (1) ; (b) exposing 
the silicon dioxide layer to a nitriding atmos and to a source of 
radiant energy of intensity suitable for nitriding the silicon 
dioxide and producing a thermal transition gradient though the 
silicon dioxide layer; (c) forming an oxidn. masking layer <4) with 
at least one silicon nitride layer (4) over the nitrided silicon 
dioxide layer (6); (d) etching the masking layer (4) and the 
Prided silicon dioxide layer (6) to expose a selective region of 
the substrate (1) ; and (e) oxidising the exposed substrate in the 
presence of the oxidn. masking layer (4) to form a field oxide 
region (9) . 

ADVANTAGE - The process is simple and minimises bird's beak 
formation and formation of substrate crystal defects. 
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TI Method to fabricate deep sub-mm CMOS device without B penetration 
IN Wu, Shye-lin 

PA TSMC Acer Semiconductor Manufacturing Inc., Taiwan 
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AB The method of the present invention is to fabricate a CMOS device without 
B penetration. A nitrided gate oxide and SAS gate electrode are provided 
to suppress B penetration. The nitrided gate oxide could be formed in two 
approaches. One of the approaches is to implant N ions into the 
interface between substrate and pad oxide layer, and then thermally 
treat the substrate for segregating the doped N ions in the surface of 
substrate. Removing the pad oxide layer, thermally treating the substrate 
in O ambient for growing a gate oxide layer, the nitrided gate oxide layer 
is formed by incorporating doped N ions into the growing gate oxide layer. 
The other approaches to_place the substrate ha ying a gate oxide laye r 
thereonjn N plasma ambient, thereby forming the nitr ided gate ox jde 
layer. AfteFThe ^ least one 

stackeTa^ layer islbrmedover the gate oxicle lay er. The 

gate stm^tureirformed by patterning the SAS layer and nitrided gate 
oxide layer. Thereafter, source/drain with LDD regions are subsequently 
formed in the substrate. Finally, a thermal treatment was performed to 
convert the stacked-amorphous Si gate into poly Si gate and to form 
shallow source and drain junction in the substrate, thereby achieving the 
structure of the MOS device. j 
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filed on 7 Jun 1995, now patented, Pat. No. US 5654220 which is a 
continuation of Ser. No. US 1994-3 15905, filed on 30 Sep 1994, now 
patented, Pat. No. US 5869354 which is a division of Ser. No. US 
1992-865412, filed on 8 Apr 1992, now patented, Pat. No US 5354695 
DT Utility 
FS Granted 

EXNAM Primary Examiner: Niebling, John F.; Assistant Examiner: Lebentritt, 
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CLMN Number of Claims: 4 
ECL Exemplary Claim: 1 

DRWN 1 07 Drawing Figure(s); 64 Drawing Page(s) 
LN.CNT 2694 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

DETD 2. 02 (oxide) and N2 (Nitride) implant etch stop 

barrier layer. Implant concentrations are typically between 10 to 100 
times less for formation of an etch stop barrier layer than that 
required to form a buried oxide or nitride dielectric isolation 
layer as presently done with a standard thickness silicon substrate. 



US-PAT-NO: 6245616 
DOCUMENT-IDENTIFIER: US 6245616 B1 

TITLE: Method of forming oxynitride gate dielectric 



Detailed Description Text - DETX (6): 

The present invention method differs from another nitrogen optimization method, where an 
N.sub,2 0 anneal is used to remove N from the oxynitride, in two major aspects. First, in the 
N.sub.2 O reoxidation method, nitrogen is completely removed from the oxynitride layer during 
a re-oxidation process. In the present invention method, a controlled amount of nitrogen is left 
in the oxynitride layer depending on the re-oxidation conditions. Secondly, in the method of 
N.sub.2 O re-oxidation, a second oxynitride layer will be formed between the oxnitride layer 
and the silicon substrate. In the present invention method, a substantially pure SiO.sub.2 layer 
is inserted underneath the dielectric. The present invention method therefore addresses the 
problem of de-coupling the nitrogen content of the oxynitride film from the film thickness and 
uniformity. For instance, a low nitrogen concentration at the Si/SiO.sub.2 interface may be 
desirable for achieving good device properties (such as Vfb shift). However, both a narrow 
thickness distribution and a thick oxide spacer layer may be needed. In such a case, nitrogen 
may be introduced by NO oxidation at a temperature of 850.degree. C, giving rise to 
concentrations of roughly 6.times.10.sup.14 /cm.sup.2. This nitrogen concentration is large 
enough to inhibit the in diffusion of oxidizing species and thus contributes to the spatial 
uniformity of the dielectric layer. During the re-oxidation step, the present invention method 
selectively removes the nitrogen atoms from the film by the addition of a halogen containing 
species such as methyl chloride to the gaseous ambient. This addition serves to reduce the 
shift in Vfb and other deleterious effects of nitrogen while maintaining the narrow thickness 
distribution typical of nitrided oxides . 
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Detailed Description Text - DETX (6): 

The present invention method differs from another nitrogen optimization method, where an 
N.sub.2 O anneal is used to remove N from the oxynitride, in two major aspects. First, in the 
N.sub.2 0 reoxidation method, nitrogen is completely removed from the oxynitride layer during 
a re-oxidation process. In the present invention method, a controlled amount of nitrogen is left 
in the oxynitride layer depending on the re-oxidation conditions. Secondly, in the method of 
N.sub.2 O re-oxidation, a second oxynitride layer will be formed between the oxnitride layer 
and the silicon substrate. In the present invention method, a substantially pure SiO.sub.2 layer 
is inserted underneath the dielectric. The present invention method therefore addresses the 
problem of de-coupling the nitrogen content of the oxynitride film from the film thickness and 
uniformity. For instance, a low nitrogen concentration at the Si/SiO.sub.2 interface may be 
desirable for achieving good device properties (such as Vfb shift). However, both a narrow 
thickness distribution and a thick oxide spacer layer may be needed. In such a case, nitrogen 
may be introduced by NO oxidation at a temperature of 850.degree. C, giving rise to 
concentrations of roughly 6.times.10.sup.14 /cm.sup.2. This nitrogen concentration is large 
enough to inhibit the in diffusion of oxidizing species and thus contributes to the spatial 
uniformity of the dielectric layer. During the re-oxidation step, the present invention method 
selectively removes the nitrogen atoms from the film by the addition of a halogen containing 
species such as methyl chloride to the gaseous ambient. This addition serves to reduce the 
shift in Vfb and other deleterious effects of nitrogen while maintaining the narrow thickness 
distribution typical of nitrided oxides . 
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